Methodology. We subjected two populations from each of two species in the Dalechampia 24 scandens species complex to a series of experimental drought events in the greenhouse. We 25 measured drought effects on advertisement (signaling) traits, reward traits, herkogamy, 26 dichogamy, autofertility, and pollination accuracy, and compared these across populations and 27 species.
affect autofertility rates directly, but rather affect the timing and relative importance of selfing interest not only to understand the effects of drought on traits related to the pollination and 97 mating system of the species, but also whether these effects are rapidly reversible or not. We 98 specifically distinguish between effects of drought on the autofertility rate, mediated by 99 phenotypic changes in herkogamy, and effects on potential cross-pollination, mediated by 100 changes in dichogamy (length of female phase), pollinator-attraction traits (the opportunity 101 for cross-pollination), and pollination accuracy (the efficiency of cross-pollination).
102
Ongoing research has shown that, rather than a single species, Dalechampia scandens 103 is actually a species complex, including at least two similar, undescribed species. These differ 104 in several key traits, including blossom size and degree of herkogamy (Pélabon et al. 2005 ; 105 
Armbruster et al. 2009b; Bolstad et al. 2014). We took advantage of this variation to test

106
whether the effects of drought on pollination and mating-system traits were consistent across 107 closely related species that presumably differ in their dependence on pollinators and average 108 pollinator size. We subjected two populations from each of two species of the D. scandens 109 complex to a series of experimental drought events in the greenhouse and compared responses 110 in blossom morphology, herkogamy, dichogamy, and autofertility across these four 111 populations. We also measured the effect of drought on leaf growth to assess the degree of The resin is collected by female apid and megachilid bees for use in nest construction 125 (Armbruster 1984) . Blossoms with larger resin glands offer more reward (Pélabon et al. 126 2012), and populations with larger glands tend to be visited by larger bees (Armbruster 1988 ).
127
The male and female sub-inflorescences are subtended by two involucral bracts that open 128 during the day to allow pollination, and close at night to protect the flowers (Armbruster 
139
During this 'female' phase (Fig. 1c) the stigmas are receptive, while the male flowers stay 140 closed for a few more days. The bisexual phase (Fig. 1d) is defined by the sequential opening 
146
The experimental populations are second greenhouse generations (except the Tulum 147 population, which is the fifth greenhouse generation), derived from random crosses among populations within species, we fitted separate models for each species where population, 233 treatment, experimental period and their interactions were treated as fixed factors, and plant as 234 a random factor. We initially tested for differences among the tables in the greenhouse. These 235 were never supported statistically, and therefore we did not include table as a factor in the 
251
To estimate the probability of a seed being self-fertilized, we fitted generalized linear 
Results
280
Drought effects on advertisement and reward traits was generated by the moisture treatment (Table 2) .
289
The treatment effect on bract size differed somewhat between the two experimental 290 periods, but this effect was small and inconsistent compared to the effects of the moisture 291 treatment ( (Table S4) .
297
The resin gland was affected proportionally less by the treatment than were the bracts,
298
and the response differed between species, but was similar across populations within species Table 1 ). The size of the resin gland was reduced in dry conditions by 16.2% and 300 11.0% in the large-and small-glanded species, respectively. Compared to bract size, a smaller 301 proportion of the variance in gland size was explained by the treatment (Table 2) . Differences 302 in gland size in the wet treatment between the first and second period ranged from a 7.6% 303 reduction to a 0.3% increase (Table S4) , and the treatment × period interaction was 304 marginally significant only for the large-glanded species (Table 1) . Again, this suggests that 305 the effects of drought were largely reversible within a few weeks. ASD was affected by the treatment, the direction of the effect was similar in the two periods, 313 but for the PM population the effect was stronger in the first period (Table S4) .
314
Autofertility
315
Autofertility was negatively affected by ASD (logistic regression, βASD = -1.43 ± 0.04, P < 316 0.001) and differed markedly between the two species (Fig. 3 ). There was a tendency for 317 autofertility to increase with the dry treatment, but this effect was population specific and 318 weakly supported statistically (Table 3, see Table S2 for model-selection results). In the CO 319 population, as could be expected from the reduced herkogamy in the dry treatment, the 320 probability of setting seeds by auto-fertilization increased from 0.52 in the wet environment to 321 0.60 in the dry environment, although this increase was not statistically supported (Table 3) .
322
For the T population, the absolute increase was even weaker, from 0.03 to 0.06. We found no 323 detectable effect of the treatment on autofertility in the PM and V populations. Overall, blossom development tended to be more rapid under dry conditions. In the wet 327 treatment, the total receptive period of the blossoms (from the first day of opening to the 328 abscision of the male cymule) lasted for 6.87 ± 0.09 days in the two large-glanded populations 329 and 5.80 ± 0.10 days in the two small-glanded populations (Fig. 4) . In the dry treatment, the explained by the treatment was more than 40% for GSD, and less than 25% for GAD (Table   342 2). For the two small-glanded populations, the treatment effects were somewhat weaker; GSD
343
decreased by an average of 15.5%, and GAD by 11.2% in the dry compared to the wet 344 environment. For the two small-glanded populations, GAD tended to be slightly smaller in the 345 wet treatment in the second period compared to the first (8.3% and 6.9% in the CO and V 346 population, respectively, Table S4 ).
347
The disproportional changes in GSD and GAD led to changes in the pollination 348 accuracy of the blossoms and the relative importance of bias and imprecision (Table 5 ). For 349 the two large-glanded populations, the joint inaccuracy increased in the dry treatment. This (Table 5) . Note, however, that the small-glanded populations tended to be more Leaves of all populations responded strongly to the dry treatment (Fig. 2) there is a lower density of stomata on bracts than on leaves, as suggested by Pélabon et al.
397
(2015), 2) it is advantageous for bracts not to wilt while flowers are receptive, or 3) the 398 accentuated wilting of leaves is partly an adaptation to reduce solar radiation load at midday 399 (Armbruster, unpubl. obs.).
400
Because we measured the blossoms at a fixed ontogenetic stage (first day of the 401 bisexual phase), and the timing of ontogenetic events differed between treatments (Fig. 4) , it 402 is possible that part of the observed size-reduction in blossom traits in the dry treatment was 403 an artifact of measuring the blossoms at earlier points during their development. However, the 404 repeated measurements of the bracts throughout late development (Fig. 4) herkogamy was indeed negatively associated with autofertility rate across our study 441 populations, the effect of drought on herkogamy and autofertility was largely unpredictable.
442
Two populations (CO, T) slightly increased their autofertility rate in the dry environment, reduce autofertility, however, possibly because the autofertility rate was already low ( Fig. 3; 
447
note the approximately exponential decay of autofertility with increasing herkogamy).
448
A few recent studies have investigated environmental effects on autofertility. In proportionally less by the dry treatment than were the bracts, and much less than were the 476 leaves. Interestingly, the observed environmentally induced changes in the means and 477 variances of GAD and GSD led to different effects on pollination accuracy in the two species.
478
While the two large-glanded populations tended to be more inaccurate in the dry environment,
the small-glanded populations tended to be more inaccurate in the wet environment. The 480 interpretation of these changes was complicated, however, because the differences in 481 inaccuracy were caused by changes in imprecision, bias, or both (Table 5) . Considering the 482 two populations for which bias differed the most between the two treatments (CO and PM),
483
the change in bias corresponded with the observed changes in ASD (Fig. 2) . The CO predicting the direction of the effect is not straightforward and may be population specific.
493
Conclusions
494
Despite the tendency of floral traits to be phenotypically decoupled from environmental 495 variation in vegetative traits, stressful environmental conditions can trigger changes to their 496 development that possibly affect pollination and mating systems. This study is, to the best of 497 our knowledge, the first to test simultaneously the effect of drought on autofertility (via 498 changes in herkogamy), the opportunity for cross-pollination (changes in dichogamy and 499 rewarding and advertisement traits), and the efficiency of cross-pollination (changes in 500 pollination accuracy). We found some evidence that all three of these important components 501 of pollination and mating systems could be affected by environmental variation, but that the 502 effect on the mating system might be difficult to predict. These findings illustrate some likely 
Between species 4.40 ± 0.10 -1.11 ± 0.14 -0. Table S1 for details). For the between species comparison, the intercept represents the mean value for the large-glanded species in the wet treatment in the first period. The taxon effect represents the contrast between the large-and small-glanded species, the treatment effect, the contrast between the wet and dry treatment and the period effect, the contrast between the first and second period. For the within species comparisons, the intercept represents the mean trait value for the PM population (in the large-glanded species) and the CO population (in the small-glanded species) in the wet treatment in the first period. *Three-way interaction not shown (estimate ± SE = 0.66 ± 0.34). Variance components were obtained from linear mixed-effect models fitted with plant as a random factor, and treatment as a fixed factor. Traits are upper bract area (UBA), gland area (GA), gland-stigma distance (GSD), gland-anther distance (GAD) and anther-stigma distance (ASD). The reported means (± SE) are estimates of the intercepts in the models. Variance components are scaled by the square of the trait mean, and given as percentages. The variance components sum to the reported CV 2 . Percentages are the amount of the total trait variance explained by each component. Table S2 for details). For the between species comparison, the intercept represents the mean autofertility for the largeglanded species in the wet treatment. The taxon effect represents the contrast between the large-and small-glanded species, and the treatment effect, the contrast between the wet and dry treatment. For the within species comparisons, the intercept represents the mean for the PM population (in the large-glanded species) and the CO population (in the small-glanded species) in the wet treatment. Between species 2.42 ± 0.26 0.08 ± 0.38 -1.32 ± 0.14 0.60 ± 0.14 0.79 ± 0.22 -0.80 ± 0.22 Large-glanded 2.26 ± 0.16 0.32 ± 0.16 -1.32 ± 0.16 0.60 ± 0.16 Small-glanded 2.80 ± 0.13 -0.62 ± 0.14 -0.53 ± 0.14 -0.20 ± 0.14 Parameter estimates ± SE were obtained from the highest ranked models following model selection (see Table S3 for details). For the between species comparison, the intercept represents the mean value for the large-glanded species in the wet treatment in the first period. The taxon effect represents the contrast between the large-and small-glanded species, the treatment effect, the contrast between the wet and dry treatment and the period effect, the contrast between the first and second period. For the within species comparisons, the intercept represents the mean value for the PM population (in the large-glanded species) and the CO population (in the small-glanded species) in the wet treatment in the first period. 2 is the mean squared deviation from the hypothesized adaptive optimum. The reported percentages are the proportion of the joint inaccuracy explained by each component. To obtain the mean-scaled inaccuracy, the joint inaccuracy was scaled by the product of the male and female trait means. Ninety-five percent confidence intervals (95% CIs) were obtained from 1000 non-parametric bootstrap estimates of the joint and mean-scaled inaccuracies, respectively. 643 Note the difference in y-axis scale for leaf length and ASD. Mean trait values (± SE) are shown for each population and trait, across experimental periods.
665
Both traits were measured on the first day of the bisexual phase. Table S4 . Trait means ± SE in the two experimental periods 671
